Background-Alterations in epithelial proliferation and apoptosis in colonic mucosa are associated with an increased risk of colon cancer. It is unclear if these alterations represent a generalised "field defect". Aims-To analyse segmental patterns of cell proliferation and apoptosis in the colon of subjects with a high and no apparent risk of colon cancer.
Progression from normal colonic epithelium to cancer involves an accumulation of genetic alterations that gradually leads to the development of a series of phenotypic stages with different biological characteristics and morphological aspects. 1 One of the earliest events in the carcinogenetic cascade of colorectal cancer is deregulation of cell proliferation within the colorectal glands. 2 Hyperproliferation and abnormal distribution of replicating cells along the length of the colonic crypts have been described in the apparently normal mucosa of subjects prone to develop colon cancer, such as those with sporadic adenomas. [3] [4] [5] [6] [7] [8] However, cell renewal in these glands involves not only proliferation but also cell loss. The physiological mechanism of cell loss is represented by apoptosis, which is programmed cell death regulated by a complex network of genetic signals. In equilibrium with cell replication, apoptosis contributes to the maintenance of normal tissue homeostasis. [9] [10] [11] [12] [13] [14] [15] Altered rates of epithelial cell apoptosis are believed to play an important role in colorectal carcinogenesis. Progressive inhibition of apoptosis has been described during the transformation of colorectal epithelium to carcinoma. [16] [17] [18] Expression of the p53 gene and those of the bcl-2 family (the best known of the genes involved in the regulation of epithelial cell apoptosis) also change progressively as the tissue passes through the consecutive stages of normal mucosa, adenoma, and carcinoma. 17 19-21 These findings suggest that loss of the physiological equilibrium between proliferation and apoptosis in the crypt epithelium occurs in the very early phases of colon carcinogenesis. Whether these changes in the kinetic pattern of human colonic crypts are present in the whole colonic mucosa of subjects at a high risk of cancer development, as a sort of "full field defect", 22 or whether they are more pronounced in some sites of the colon rather than others is poorly understood. Using an in vitro 3 H thymidine labelling technique, Terpstra and colleagues 23 found that in patients with small adenomas, cell proliferation rates in the proxi-mal colon were slightly higher than those of the distal segments. In contrast, there were no significant site related diVerences in patients with large adenomas or cancer, or in healthy controls. These authors concluded therefore that mucosal biopsy specimens taken from one area of the colon could safely be considered representative of the colon as a whole. However, Ponz de Leon and colleagues, 6 using the same ex vivo technique, found lower proliferation rates in the caecum compared with other segments in endoscopically normal individuals whose personal and familial histories were negative for colorectal neoplasms, but their report did not provide comparative data on segmental variations in subjects at high risk of colon cancer. Studies by Kubben and colleagues 24 based on proliferating cell nuclear antigen or bromodeoxyuridine (BrdU) immunohistochemistry found progressively decreasing proliferation indexes moving from right to left along the colorectum in subjects without organic disorders of the colon. In another study, in which cell proliferation was evaluated in healthy humans using crypt cell production rate, the cell turnover rate in the caecum was found to be higher than that of any other site in the colon. 25 Recently, Liu and colleagues 26 examined cell proliferation patterns using the Mib-1 antibody to Ki-67 antigen and apoptosis by means of terminal deoxyuridine nucleotidyl nick end labelling (TUNEL) of DNA strand breaks and immunohistochemistry (polyclonal antisera) for Bak, a Bcl-2 homologue that colocalises with sites of epithelial cell apoptosis 27 throughout the entire length of the normal human colon. Although they found no segment related diVerences in cell proliferation, the number of epithelial cells undergoing Bak mediated apoptosis in the right colon was lower than that of the left colon or rectum.
In the present study, we assessed cell proliferation and apoptosis in the apparently normal mucosa of diVerent segments of the colon in a group of patients with a history of large sporadic adenomas. The aim of the study was to determine if loss of the equilibrium between these two biological phenomena could be detected throughout the colonic mucosa, representing a generalised phenotypic change that occurs early in the carcinogenetic cascade.
Methods

STUDY DESIGN
The study was approved by the ethics committee of the Catholic University Medical School of Rome. Informed written consent for all study procedures was obtained from study participants.
The high risk study population was originally composed of 18 patients who had undergone endoscopic polypectomy for removal of one or more sporadic colorectal adenomas >1.5 cm in diameter. After polypectomy, they had been enrolled in a surveillance programme for patients with colonic adenomas run by three major hospitals in Rome (the medical and surgical departments of the Catholic University and the endoscopy units of the Nuovo Regina Margherita and San Giacomo Hospitals). The surveillance protocol provided for pancolonoscopy 6-12 months after polypectomy to confirm the absence of new polyps (clean colon colonoscopy). Recruitment for the present study was limited to patients with large adenomas in an attempt to obtain a population with a homogeneous level of proven risk. 28 29 Exclusion criteria included a family history suggestive of familial adenomatous polyposis or hereditary non-polyposis colorectal cancer (HNPCC), inflammatory bowel disease, previous colorectal surgery, current metabolic or life threatening diseases, clotting defects, and/or pregnancy.
A control group of 13 subjects aged more than 45 years was selected from the population referred to the centres cited above for screening colonoscopy for prevention of colon cancer. Exclusion criteria for the control subjects included all of those for the high risk population as well as the absence of clinical and familial risk factors for colon cancer.
In an attempt to minimise diVerences in the intake of specific components that might be expected to influence cell kinetics in the colon crypts, all 31 subjects were placed on a standard diet providing a mean caloric intake of 2200 kcal/day, 20 days prior to the study. At the end of this period, dietary adherence was confirmed based on an evaluation of food diaries, and a standard preparation was prescribed consisting of an oral polyethylene glycol solution (PEG 4000; Isocolan-Bracco, Milan, Italy) to be taken in the evening. The solution, which provided a mean overall fluid intake of 3.5-4 litres, contained (per litre) 59 g of polyethylene glycol, 5.7 g of sodium sulphate, 1.7 g of sodium bicarbonate, 1.5 g of sodium chloride, and 0.7 g of potassium chloride.
The following morning pancolonoscopy (clean colon colonoscopy) was performed between 0800 and 1200. In the adenoma group, the mean interval between polypectomy and the study examination was nine months. Of the 13 control subjects who were examined during screening colonoscopy, two presented with endoscopic abnormalities and were thus excluded from the remainder of the study.
Using biopsy forceps with a diameter of 2.8 mm (FB 24U-1 Olympus, Tokyo, Japan), we collected a total of 12 samples of flat mucosa from each of the remaining 29 subjects (18 adenoma patients, 11 controls). (The high number of biopsies was necessary to ensure an adequate number of well oriented crypts for the immunohistochemical analysis). The sites of the biopsies were as follows: four from the right colon (from the caecum to the splenic flexure), four from the left colon (from the splenic flexure to the descending sigmoid junction), and four from the rectosigmoid tract (from the descending sigmoid junction to the rectum). Two of the specimens from each site were processed for cell proliferation studies and the other two were used to assess apoptosis. The specimens were carefully positioned on filter paper immediately after biopsy to maintain correct orientation of crypts.
IMMUNOHISTOCHEMISTRY FOR CELL PROLIFERATION AND APOPTOSIS
Cell proliferation patterns in the colonic crypts were assessed using BrdU immunohistochemistry. Apoptosis was evaluated using terminal deoxynucleotidyl transferase (TdT) mediated deoxyuridine triphosphate (dUTP) biotin nick end labelling (TUNEL) of DNA strand breaks, as previously described 30 . In brief, for each subject, the following analytical procedures were performed:
Cell proliferation studies Immediately after collection, six biopsy specimens of flat mucosa (two from each colon segment) were placed in sterile septum fitted vials containing RPMI 1640 medium supplemented with Hepes-L-glutamine (Gibco, Paisley, Scotland) and 5-bromo-2-deoxyuridine 3 mM (Sigma Chemical Co, St Louis, Missouri, USA). A mixture of 95% O 2 and 5% CO 2 was injected through the septum until the pressure inside the vial was 3 atm. The vials were then incubated at 37°C for 90 minutes in a shaking water bath. The specimens were washed with four changes of normal saline solution at 4°C, fixed in 70% ethanol overnight, and embedded in paraYn. Immunohistochemical detection of incorporated BrdU was based on the streptavidin-biotin peroxidase complex method (Italscientifica, Genoa, Italy). Tissue sections (3 µm) were cleared of paraYn with two changes of xylene and rehydrated in a graded series of ethanol and water. Endogenous peroxidase activity was blocked by immersing the tissue in 3% H 2 O 2 in phosphate buVered saline (PBS) (pH 7.4) for five minutes at room temperature. DNA denaturation was obtained by adding 2 N HCl for 30 minutes at 37°C. After washing, bovine serum albumin (BSA) 1% was added to reduce background staining. The sections were incubated for 60 minutes at room temperature with the monoclonal anti-BrdU antibody (Ylem, Avezzano, Italy) diluted 1:100 in PBS. After washing, sections were incubated with streptavidinbiotinylated horseradish peroxidase complex for 45 minutes at room temperature. Finally, diaminobenzidine (DAB) was added for five minutes at room temperature to reveal the immunological reaction. Slides were weakly counterstained with haematoxylin for 10 seconds. Slides subjected to the treatment described above with omission of the anti-BrdU antibody were used as negative controls.
Studies of apoptosis
For each subject, six biopsy specimens of flat mucosa (two from each colon segment) were fixed in 4% neutral buVered paraformaldehyde overnight at 4°C and embedded in paraYn. For in situ detection of apoptotic cells, the TUNEL method described by Gavrieli and colleagues 31 was used with minor modifications. This technique is capable of detecting cells containing DNA strand breaks. After standard deparaYnisation, sections were digested with 20 µg/ml proteinase K (Boeringher Mannheim, Germany) for 15 minutes at room temperature. Endogenous peroxidase activity was blocked with H 2 O 2 3% in PBS for five minutes at room temperature. After washing, the slides were placed in the equilibration buVer containing TdT buVer 1×, CoCl 2 1× (Boeringher) for five minutes at room temperature and thereafter in the reaction solution (37°C) obtained by adding TdT enzyme 0.3 U/µl and biotin-dUTP 5 µM (Boehringer) to the equilibration buVer. The reaction was stopped after 60 minutes. The specimens were washed, and BSA 2% was applied to reduce background staining. Incorporated biotindUTP was detected after a 45 minute incubation period with streptavidin-horseradish peroxidase complex at room temperature and the DAB reaction was used to visualise labelled cells. Haematoxylin was applied for 10 seconds to produce weak counterstaining. For each set of slides, histological sections of rat thymus (known to contain numerous apoptotic cells) were run as positive controls. Negative controls consisted of samples of colon mucosa incubated without the TdT enzyme and biotindUTP.
ELIGIBILITY OF SAMPLES AND QUANTIFICATION
Our analysis was confined to those crypts whose entire length could be completely visualised. Only well oriented crypts (ideally those whose bases were in contact with the muscularis mucosae) were selected for analysis. Crypts were also excluded from analysis if they violated the U shaped criterion or had multilayered bases. For each subject, a minimum of 20 crypt columns from each area of the colon were examined. All slides were evaluated microscopically by the same examiner (AA) who was unaware of the origin of the specimen (in terms of both group and colon segment).
In the cell proliferation study, BrdU stained cells were identified and counted at ×1000 magnification (fig 1) . For each crypt column (hemicrypt), we recorded the total cell number, and the number and positions of labelled cells. The ratio of labelled to total cells was expressed as a percentage and recorded as the total labelling index (TLI) for proliferation. To evaluate the distribution of proliferating cells within the crypt, each column was divided into five compartments from the base (compartment 1) to the mouth of the gland (compartment 5) and a labelling index (LI) was calculated for each (compartment LI). Because the number of labelled cells in the upper part of the crypt was often quite low, a single LI was calculated for compartments 4 and 5 (compartment 4-5 LI). 34 For the study of apoptosis, sections were selected and analysed according to the same criteria used for the cell proliferation studies. TUNEL stained cells were identified along the crypt column and counted at ×1000 magnification. Under normal conditions, apoptotic cells are rare in the glandular epithelium of the colon 13 and the majority are located in the upper part of the crypts 14 18 (fig 2) . For this reason, the LI for apoptosis was calculated only for the crypt as a whole (AI: apoptotic index, that is, the ratio of the number of labelled cells to the total number of cells counted in the column). To minimise errors caused by artefacts, areas of necrosis were excluded from the count of TUNEL labelled cells by comparing each section with an adjacent one stained by haematoxylin-eosin, as described by Moss and colleagues. 18 For each subject, we calculated mean values for TLI, each of the four compartment LIs, and AI for each of the three colon segments and for the colon as a whole. The latter parameters represented the means for all crypts examined for a given patient. Group means were then calculated for segmental and whole colon indexes.
STATISTICAL ANALYSIS
Data are presented as group means (SEM). DiVerences between patients and controls were evaluated using the Mann-Whitney U test. The statistical significance of diVerences between group means was assessed by one way analysis of variance (ANOVA). A p value <0.05 was considered significant. When significant diVerences emerged from ANOVA, post hoc multiple comparisons were made using the Bonferroni test.
Results
Adherence to the standard diet was considered satisfactory in all subjects in both groups. Three of 18 patients in the adenoma group and two of the remaining 11 control subjects were later excluded from the analysis because an excessively high number of crypts in their histological sections did not meet the criteria outlined above. Complete data (that is, TLI, compartment LIs, and AI for all three colon segments) were analysed for 15 adenoma patients and nine controls. Mean whole colon TLI of the adenoma group (8.2 (0.3)) was significantly higher than that of the control group (5.3 (0.2); p<0.0001). The same was true of the whole colon LIs for compartments 1, 2, 3, and 4-5. All adenoma patients had whole colon TLIs >7.0, while corresponding values for each of the controls were < 7.0 (data not shown). Mean TLIs for each of the three colon segments were also significantly higher in the adenoma group, which accounted for the marked diVerences between the two groups in the colon as a whole.
In contrast, analysis of the distribution of proliferating cells within the crypts themselves revealed a statistically significant diVerence between the two groups only for the left colon. Compared with controls, the adenoma group had significantly higher left colon LIs for compartment 1 (17.7 (1. There was no significant segmental variation in the TLIs of either group. Segmental analysis of compartmental LIs revealed significant diVerences for compartment 3 in both groups. In the polyp group, the right colon LI for this compartment was higher than those of both the left colon (p=ns) and rectosigmoid segment (p<0.05), but only the latter diVerence was significant. In the control group, the compartment 3 LI for the right colon was significantly higher than those of both the left colon (p<0.05) and rectosigmoid segment (p<0.05). In this case, however, the more distal region showed significantly more compartment 3 proliferation than the left colon (p<0.05). LIs for the other compartments were essentially the same throughout the entire length of the colon in both groups.
APOPTOSIS STUDIES
In both the adenoma and control groups, TUNEL positive cells were mostly detected in the upper part of crypts near the border of surface epithelium. This pattern was observed in all segments of the colon. Mean whole colon AI was significantly lower in the adenoma group than in the control group (1.4 (0.1) v 2.7 (0.2); p<0.0001). When segmental indexes were compared within each group (fig 3) , no diVerences were found among the control group values (right colon 2.6 (0.2); left colon 2.7 (0.3); rectum 2.9 (0.5)) whereas the adenoma group had significantly lower AIs for both the left colon and sigmoid rectum with respect to those of the right colon (left colon v right colon 1.2 (0.1) v 2.1 (0.2) (p<0.05); sigmoid rectum v right colon 1.03 (0.1) v 2.1 (0.2) (p<0.05)). Furthermore, indexes for the left colon and sigmoid rectum of the adenoma group were both significantly lower than the corresponding segmental indexes for the control group (left colon 1.2 (0.1) v 2.7 (0.3) (p<0.01); sigmoid rectum 1.03 (0.1) v 2.9 (0.5) (p<0.05)).
Discussion
In this study, we compared epithelial cell proliferation patterns and apoptosis of patients with (that is, previously resected large adenomas) and without known risk factors for colon cancer. Mucosal biopsies were collected from three segments of the colon to determine the local or diVuse nature of any alterations that might be observed.
Ex vivo BrdU immunohistochemical detection of S phase cells, a standard technique for cell proliferation studies in humans, 7 33 revealed a generalised state of hyperproliferation in the high risk group (with respect to that of the controls). Hyperproliferation was manifest as significantly higher whole colon TLIs and an abnormally high number of labelled cells in the upper compartments (3 and 4-5) of the crypts. The latter change was primarily responsible for the statistically significant intergroup diVerences observed in the whole colon LIs for all compartments. These findings confirm previous reports. 23 34 Conflicting reports have been published on the normal patterns of proliferation (that is, those observed in patients with no known risk factors for colon cancer) in various segments of the colon. 6 24 25 The discrepancies probably reflect the diVerent techniques used in cell proliferation studies as well as the genetic backgrounds and dietary habits of the subjects examined. For example, even short term variations in the ratio of polyunsaturated/saturated fats in the diet can modify the epithelial kinetic pattern of the colon. 32 The prestudy diet prescribed for our subjects should have minimised eVects of this type.
There was no significant segmental variation in the TLIs within either of our study groups. These observations are consistent with those of Roncucci and colleagues. 34 Terpstra and colleagues 23 found intraregional diVerences in the TLIs of patients with adenomas <1 cm but not in those with a history of large adenomas (>1 cm). Green and colleagues 35 reported a significant linear trend across the colon with the highest TLIs in the ascending colon and the lowest in the rectum in patients at 50% risk of carrying mutations for HNPCC. These findings suggest that diVerent colon cancer risk factors (for example, small or large adenoma, familial predisposition) may be associated with diVerent cell proliferation patterns in the colonic mucosa. If so, studies in high risk populations that are heterogeneous in this respect would be expected to produce ambiguous results, and this may explain some of the discrepancies in previously published data. For this reason, we selected patients whose high risk status was based on their history of large adenomatous polyps and excluded those with family histories of colon cancer that might reflect hereditary syndromes.
In the control group, the mean compartment 3 LI for right colon specimens was significantly higher than those of the left colon and sigmoid rectum; a similar diVerence was noted in the adenoma group. The cause of this regional difference is not clear but may be a result of the specific intraluminal microenvironment of this segment of the colon (microflora, concentration, quality of bile acids, etc). The significance of proliferation within crypt compartment 3 is a matter of some controversy 6 34 35 but we and other investigators 6 34 feel that this finding represents an expansion of the "normal" proliferative compartment at the base of the crypt (compartments 1 and 2). Even if this expansion does not extend to the mouth of the crypt (compartments 4-5), the non-diVerentiated cells in this intermediate compartment are probably more exposed to various intraluminal factors than those situated in compartments 1 and 2.
Our findings indicate that the normal segment to segment pattern of proliferation is basically preserved in patients with large adenomas, although the rates of proliferation themselves are markedly higher than those found in average risk subjects. There is also a distinctive alteration in the distribution of proliferating cells within the crypts, which is particularly marked in the left colon, and this change implies an additional risk for mutational events because highly vulnerable nondiVerentiated cells at the mouth of the crypts are more exposed to intraluminal factors.
The study of apoptosis throughout the colon in these two groups produced interesting results. In control subjects, we found no significant variations in AI from one segment to another. This finding contrasts with those recently reported by Liu and colleagues 26 who found fewer TUNEL positive (apoptotic) cells in the right colon than in the left colon or rectum in average risk subjects. The cause of this discrepancy is unclear. These authors have also reported a strong correlation between the percentage of TUNEL positive cells and expression of Bak, a proapoptotic protein that is considered the principal endogenous promoter of programmed cell death in the intestinal epithelium. 27 In our opinion, this correlation adds credence to their findings. The fact that we did not observe any segmental variations in our control group may, therefore, be a result of the small number of subjects included in this group.
However, data on the adenoma group in our study deserve particular attention. AIs for the left colon and rectosigmoid segment were markedly reduced with respect to those of the right colon, and they were also significantly lower than corresponding values in controls. A number of studies in both animals and humans have indicated that misregulation of the apoptotic activity within colonic crypts plays an important role in colon carcinogenesis. 17 18 21 22 36-38 We have demonstrated that in the high risk population we examined, this misregulation (manifested by decreased rates of apoptosis) is a diVuse phenomenon that involves the apparently normal mucosa of the left side of the colon.
The above mentioned changes in cell turnover of epithelial crypts raise the question of whether these features are an expression of a true phenotypic alteration occurring early in the multistage process of colon carcinogenesis or if they represent an unspecific response to a variety of luminal factors. In the model proposed by Fearon and Vogelstein, 2 a state of hyperproliferation is thought to precede neoplastic initiation but this concept has recently been questioned. 35 39 Some investigators maintain that such changes are a non-specific finding reflecting the influence of factors such as diet, drugs, age, or methodological flaws. In support of this, Green and colleagues 35 have shown that there is no increase in the somatic mutation rate in the normal mucosa of patients with HNPCC. 40 However, increased stem cell somatic mutation in the non-neoplastic colorectal mucosa has been described in both familial adenomatous polyposis and Crohn's disease. 41 In the latter disease, accumulation of somatic mutations has been attributed to the increased regenerative epithelial proliferation associated with inflammatory changes in the colon 40 41 and/or treatment with known mutagens (for example, azathioprine), 40 and it is believed by some to be linked to the increased risk of development of colon cancer in these patients. 40 Again, these discrepancies suggest that diVerent risk factors (genetic and acquired) are associated with diVerent levels of risk for mutation in non-neoplastic colonic mucosa. In this context, it seems possible that the generalised alterations in proliferation found in our adenoma patients might increase the probability of mutation in colonic mucosal cells.
The reduced apoptosis we found in the left colon of adenoma patients would further impair the homeostatic equilibrium of epithelial cell renewal in this region, and it might also increase the genetic instability of the mucosa. Garewal and colleagues 42 found that bile acid induced apoptosis in the normal appearing rectal mucosa of cancer patients was reduced compared with that observed in normal controls and in patients with small polyps. They hypothesised that persistent exposure to carcinogens during the course of a lifetime might lead to a progressive clearance of cells with eYcient apoptotic mechanisms with survival selection and accumulation of apoptosis resistant clones that would provide a field for cancer development. Interestingly enough, reductions in apoptosis of the same magnitude were also found in three non-cancer patients with diVerent high risk conditions (adenomatous changes in grossly normal appearing mucosa, family history of colorectal cancer, and history of large tubulovillous adenomas).
It is unclear why apoptosis was markedly reduced only in the left colon of our adenoma patients. This and other segmental diVerences we observed seem to support the hypothesis that environmental factors play a major role in altering glandular epithelial turnover in these patients. In animal models, Western style diets with relatively high fat contents induce a transient but diVuse activation of apoptosis, which is followed by marked depletion of apoptotic cells in the mid region of the colonic crypts and expansion of an epithelial cell population containing atypical nuclei. Mice maintained on these diets for long periods developed single crypt dysplastic lesions. 36 Regardless of the exact mechanism(s) underlying the changes in the life-death sequence of epithelial crypt cells along the colonic mucosa in patients with a history of large adenomas, the impact of these changes in terms of carcinogenesis is likely to be related to their persistence.
Another interesting point is the relationship between changes in colonic epithelial cell kinetics and aberrant crypt foci (ACF), which are thought to be the microscopic precursors of both polyps and cancer. [43] [44] [45] [46] [47] In colorectal cancer patients, hundreds and hundreds of ACFs have been observed in the normal appearing mucosa of all segments of the colon. 45 48 Only a few of these foci actually give rise to adenomas or carcinomas: the majority never reach macroscopic dimensions and many even regress. 49 None the less, their widespread distribution illustrates that in patients with colorectal cancer, the normal appearing mucosa of the entire colon presents morphological changes with the potential to progress towards more advanced stages in the carcinogenetic pathway.
Mutations involving the APC gene are considered to be one of the earliest events in colorectal cancer development. 1 50 51 This gene is believed to exert one of its main functions by inhibiting cell growth and modulating epithelial cell apoptosis. 38 However, while APC somatic mutations may be responsible for progression of an ACF to adenoma, they do not appear to be involved in the transformation of normal mucosa to ACF. 39 49 52 Other molecular and biological events must therefore be the cause of ACF development.
Epithelial cell dynamics are profoundly altered in ACF. [53] [54] [55] [56] In rats fed cholic acid, epithelial cells within the azoxymethane induced ACF were shown to be resistant to apoptosis, and the number of cells in the crypts themselves was higher than normal, especially in the middle segment (+25-40%). 57 The importance of this imbalance in cell renewal in ACF has also emerged from experiments on chemoprevention of chemically induced carcinogenesis. Various putative chemopreventive agents have been shown to exert their protective eVects by decreasing cell proliferation, enhancing apoptosis, and reducing ACF density. [58] [59] [60] [61] Interestingly, in patients with colorectal cancer, there appears to be an increase in the density of ACFs from the right to the left colon, 45 48 62 which parallels the general right to left trend we observed in altered crypt cell turnover in our adenoma patients. This similarity raises the possibility of a relationship (causal?) between loss of equilibrium between cell proliferation and apoptosis rates and the development of ACFs.
The fact that an extensive tract of mucosa was found to harbour glands with a high proliferative propensity and reduced apoptotic activity, as we observed in our study, supports the "field cancerisation hypothesis", 22 according to which longstanding exposure of the mucosa to carcinogens leads to diVuse biological abnormalities throughout large tracts of the colon, which can eventually produce cancers. It is also noteworthy that the severe imbalance between cell proliferation and apoptosis that characterised our high risk group was localised in the left colon where most colon malignancies develop. 63 64 A number of investigators have found that the normal distribution of apoptotic cells is reversed in adenomatous tissues 36 37 65 which are characterised by an abnormally high density of these cells at the base of the crypts. In our study, the TUNEL positive cells were prevalent at the upper part of the crypt near the surface epithelium in both adenoma controls and patients. This observation suggests that the normal apoptotic cell migration pattern is preserved in the apparently healthy mucosa of high risk patients in spite of the profoundly altered equilibrium between cell proliferation and apoptosis.
The use of in situ end labelling techniques to detect apoptotic cells in the gut and apoptotic indexes for measuring this phenomenon has been criticised by some authors 66 who believe that this approach does not adequately discriminate between necrotic and apoptotic cells. [67] [68] [69] However, when necrosis can be reasonably excluded, TUNEL positivity is thought to be generally indicative of cells undergoing or about to undergo apoptosis, 67 69 and its sensitivity in detecting apoptotic cells in the human colonic mucosa has been confirmed by several groups. 18 26 65 In conclusion, our findings indicate that epithelial cell kinetics are fairly uniform throughout the entire length of the colon in both low risk subjects and patients with previously resected colon adenomas. However, compared with the former group, high risk patients present higher proliferative rates in all segments of the colon and, in the left colon, marked alterations of the normal distribution of replicating cells within the crypts. In these patients, the left colon is also characterised by clearly reduced apoptosis with respect to that of the right colon for the same group and the entire colon for the control group. These findings indicate that diVuse alteration of cell proliferation and apoptosis occur along the colon as a generalised abnormality in subjects at risk of colon cancer, especially in the left part where
